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(54) PLASMA ARC CUTTING APPARATUS, MANUFACTURING PROCESS AND DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problems that more 
than half of currently employed semiconductor processes are 
performed by decompressed devices, that a cleaning apparatus 
and aligner can be used only under atmospheric pressure, and 
that the interface between the devices operated under 
atmospheric pressure and those operated under reduced 
pressure cannot be constituted smoothly which becomes a 
bottleneck for efficient processes. 

SOLUTION: Plasma containing high-density radicals is formed 
linearly by using microwaves and damage-free and high-speed 
film formation, etching and so forth are performed so as to 
realize continuous machining of wafers or the like. Load locking 
becomes unnecessary by operating devices under substantially 
atmospheric pressure and isolating process spaces or the like by 
a gas flow. Since processes such as film formation, CVD, : ;.! s , 
etching, planarization, cleaning and so forth can be conducted - t o a 

directly by only switching the gas, majority of processes can be 
performed under atmospheric pressure, thus enabling efficient 
processes. 
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[0 0 6 5] fgi-Z, # * h^ttS^OW^HBSMSfiv* 
lei 9 3£ftttas£CX9X^as^*a— jcftS, 3»*,fc< 

«aesnftv^oppiB^i:5 0 l/;^ot, BS3a*a> 

oiS— ft^o-fe^Srfifft 5 fctofcH*, X? 5/ b*7*— K 
SrfflV^^n-fc^Srtfft5 ~>icft&j^ ^0|^6?^i 
tt^<0jBffiict>^7X^tt^$tL5^rnim*ic«t 

[0 0 6 6] — jR^{c*^^W^cD^Srffli>-rX^X 

/o-feT.-JcJ: oT tttfflBftS ii * ft I ^7>* »^LV^ 7)5 
fc 5 o "t" ft *> £ 3£ L X 7 X £ # * 7t J?> i c tt a 6 

[0 0 6 7] HI 512, rcoJ:5ft»(iflt*&Srnr*i:-f-« 
50UD flWS-f-So fltjfcK 5 0 0 *5 «fclMJfc|&* 5 0 1 

st5:>iao, ^^x-^sjegp i o 3ic«-L-c.»jg 

[0 0 6 8] .ttJl{tLfc«8tt«aSrfco^7X^atBSfB 

1 0 3C0s¥aB &S6 IC*i- 0 ^7X7Ml6 0 0^b 

eeoiti/e (%0. 3 6 8) 0, fi§ 

»«OE(iX7X^ttWffi6 o o^bBMt^^p 
St I d <t S X 7 X Sft fi !■ 4 A ffi T* & 5 0 ^n&±«4ft 

fc#^8K6 0 5 fcfifc«&5R5 0 1 *5J;0*W$&^3 0 1H 
flt*&Snfc^iSK6 0 7 fc 69ig^6 0 2 

G o 7rt{c-a^r-t-5^»-?-tt/l¥(t$ixSr 
fcft < Xu— 0 31^ilL-:iKo 

Sc6 0 6*SJ;0<^^S6 0 7 7)$ /i flg & Z>*M&n, 7 

ffi6 0 6ioJ:a<^^^6 0 7M^^-$n5^^5j s -T-co^ 

hum Jnstw ft ic k v * ^*jw » * a . 
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[0 0 6 9] m?L'aCYDCOm^lt, X/*iifc6 0 G 

fc L % 6 0 7 Sr#«IR3|B|.« , ^ J ^**, S£l^ 

JRocvDSrtTft5«^, (Eic#*«l6 0 6flpJfcHRJf5|. 
^^iH5t^7X-7Ml6 0 0 ^ffc^&JS 

nfiAS^ja^AWL^K 4 9/7X^ig-:*#i< ft 

i0 2 WBA. ftJRSMt*5J:0««{KMBB 
10 K«»RlM*?i-:ffiffiSn5S i x H y > Si 
h x ci y asjzOfWWifeJK^ftiffci^ofcWPi^er 
D^^X/^ttX/^ffie o 7 ic^*$ii:5'<#-r**>5„ 
[0 0 7 0] =ff«*oSS:l*olR»* p ^tt, j&jgl 

# a a <o a * i c: J; 0 -K IB tt * 5 Bfc » S tt 5 ft ^ o ja * 
££fO/ttf). WJH^iEitSixftt^w J: 0 S5iSiKft.dc 
K/)5pItg>ft* 0 ftib\ »3R#^tt<k^6«jKEStto-IBv> 
ft^^^Si Ll^flS, Xf*«M: J; D X^X^CDt/tffiK 3 ^ 
tfc 7 /i/a**s»ft *7t^ N WMJf*^ Pt^i:^ 

frlir-CHe, Ne, Ar N K r *d J: O'X e £r4§£*i- <fc o 
20 T ttftfltad ft trt> d * T iifialtP^n « J: t \ 

[0071] */t, r i E^ntf 7 commit zizm 
&ftffi&&mbte%o fcfc*.iic 4 f s /co/o 2 / 

fcO, CF X *^7^*^*"v?ic:tt*pj|iLftv^*5j: 

fc^MC, F 3 /0 2 f4^f^SE6 0 7 (RiJiC, £/cC£rtfc 
^-T 5 * {ClWHt^ffiii ^ Hyt^r 7)5 iV^CO > *$Wf * 

©W>}j:^S6 0 6'fftijjci^t^-f-^ - b-?m#Ut(DM 

[0 0 7 2] S i (Osp^tjafflSrlfft 5BRicf4, 

^ y if- > tz b L /cTK^T^Tft 3 

7)S N ynt^^CS i x H, i H x CI,. &'®L& 

r>7)s-f#^ o r co j; 5 ft^^co^p^f^. t^Stte o 
7 ^ : > ^7 7 X^M® 6 o o^<Df&m& 

40 ffi±~tZ>Zbf>>X~£Z> 0 

[0 0 7 3] rac#^S:ttffl+S»^-Ct^:Offljiicj: 

ffi{c-n&0* r ^Sr/IWtL«c< l^^«6 0 7 t 

5o fco, — jRWicw^oiKicj: ommmm^ntz7^^ 
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Ki-,ti;ttacos«£#H«t^||a"r*#Sfc«), file- JR ii « 
[0 0 7 4] ft*,\ fc5»*o»^-IKI«^-?ja*ct<a 

e o 6 % »5&e#^£ 6 0 7 [zmte-r% z t -c-©je#^- 

So fc fc *.«ffl»BMfc«:fT o »id 6 0 6 ^ftlR 
^"?fc5K r icflftaoH e grSSSo Lfc#* S\ 6 0 7 

I- i 7K * * CO 7* u ir * h m t£ CO HI I m A W fig ^ fc 9 , 
> ft 6 tffl t *DI«S A Id ^ te* T # * fjt^flg £ 

[0 0 7 5 ] ^TncO^^-fer^iT^v^T t>4#i-iSi±^C0 

[0076] <ife®«is) ztihco^xj^^^mt-r 
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*OSU S 3 1 6 LttJCT^^ — £ ^Sr <~4. 16 

1 0%**8R*PA rici pp m©3K^Sr**D 
Lfc»<k3S5c«t^#BBft*3l ^ 9 0 0 = Cic#^i-5 * i 

^fc^^7'7XviaOM^5 
io K««7^*^#LTfc«ttfciB.«fttt^fco, h 2 
^nf 3 *f8rfl§i^fc^*>v^ y — ^>i/^tTfto-r fc 

©TttifiicStS-f-S^^^o^ t3EWt5: tft< 

[0 0 7 7 ] ftib\ *5*flft«i1*i±<OiKl*C r a 0 3 

SM»»J*SrfT4 5 r. t co ffii >t^ :H^ 





C r a O s 


F e F a 


A 1 F » 


N i F M 




ft U S 


a t.i « 


A 1 — M g iff 


C N i * v * 


L'C J 


5 0 O 


2 2 0 


3 5 0 


3 r» o 




ma 


II a 

1 o % 
1 0 0 p p m 


F a 


F » 






^ ✓ > 7J J; *J 

iafe * > %> ?i A* 

hi a f& nr 


^ ^ ^ ^ ^ 

jc: 5&f- tI^ ?j 3% 

ftft M « V^ 




flPJ PR a? d> fc 



[0 0 7 8] (^M^cy 0 ni?^coiggcft:) *#f^co J: 5 ft 

H8(c^<D»aBIS:^-t- 0 ft^\ IS|8^RRNiS7 
0 6 Sr^B&L-CfcSo 7 0 0^& 7 0 2lt Hl*tii 

HI 3 * fcttH 5 co J: o ft«jg*rtJB3{c*tr^ ^ 

*C-fe£ 0 wtLiCt— ^*SEOWttlSr*tf 7 0 3^b7 0 5 

[0 0 7 9] h ^-ftanffiws.* 



40 



id, h^:raC0^ o ^i?^^^T-r^*T^7 0 5 (C 

SIC/OO, 7 0 1 *3ctt>'7 0 2TtTft^n 

n-fe^a^saft S»^ttH 7 co J; 9 ^M^i'l 



a. ^ 



— ^ic*pSHl«»Sr«pfc*-r 7 0 3^*r^*n*ftS:ffft^ft 

oTl^T fcP^8ftt^«)x l&^^U— bififf*|filft*S 
50 g£ i c 4 -r- i N- (* ^ > < co m B IB r>i §r ft «> 5 * « 5 -r- # ^ 0 
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[0080] m^&mo<D£?iz7' > t2±x%£mn.b?' j r 
tt^FfTH^^aiciai^^s^a^&^u- h Affile 

»fP**S»^tt, HMifi7 0 6 9. 
«*H9SfBi3j:0«»««B{c:i3— Kp ^ *-«8«as#g>ft 

[0 0 8 1 ] #SP 7 0 7a»&tH-C< 

[0 0 8 2] ^aSBicifcv^-ri-iawic^ i/- hasa»A£ 

[0 0 8 3] -taJHic^^^X^-vfco^fifeS^jK^fti* 
^flUSM&H 9 tc*i- 0 9 0 0 Mt«*.tf 

v\> 4fc, 9 o o Sr»itft< Tt^i/- h 

- httits: tT*»S:BWi**7 o oj^kSfeft-c 

[0 0 8 4] !3 9«*P^icB8i-S«iStffi3gtTl> 

h-rztitb^ #a*?a"5r*ft*piia«9 o i*5j;o*9 o 2 

[0 0 8 5] (WffiPB^SPX) ihbofS^ii^i/- 
Hi 0 co ct 9 ft«/*S:«ffl"^S. ^ -y >v< 1 000 

7 7Xviga^7^-h 1 0 2 ics*LT±T#¥tt-ir 

L"Cl^5. rtLic^u— h 1 0 2S:iSia5-fr5r tici<t 

[0086] rco^ffifcfc, ^i/-bWffi"?*»l»*^B 
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fc»v*3 £-?t>ftv\, 

[0 0 8 7] (StEBI*fiK»««IWKit) *aS«tc*5V * 

^•rLfcfli»-f-5iJH!ttftt\ Lfc^ot, HitfCV 
D co * $ ft if f iR 91 fi © ^ o WM if * £ Ss* P L > W 

fof;:> t^T-feSa*. -ftfticC VDIcBbfR 
0 o z. co m&toffi Slffi ^ »■£ > ft £ ft if ^ d -fer * ( 

[0088] *i£W56^it«)bn"r^5*r«A«i 

^Srffiv^cvD (mo-cvd) •-^fi}R^^©3S5 

T^JWP^jiC^ D^y^f^: >ic J: i;^-v>v>'<5o^fl| 
£ A » fto r. > 355 -*fm S r. > nw 0 * fc ft v >. 

ft4b\ ^ y — ~ls#<DmWkM*frZ>Jf*&7vv%-- 
> ■ • S Fa - CO x ^>WtlIi^tit#M^^5 

[ 0 0 8 9] (igfflgJpXSSBi^ iS^rM >7-?V> 
[0 0 9 0] ^^>-T ^7>f- v^a 

So i"ft^feXo-fe^co8#J^e>9#Ji£< Sr^gtP 

o 

[0 0 9 1] ft*5 % ^CffiBttlRaiElKSPX^^ 

'>-^^*co»tt*nx^aw-c**)0, xu— htt, 

f*St5"C**>-5 Si • S i c • ^Vr^e> K • G e 
50 ffll^tL5t77^7£S, ffip B p^(dffll^n5^7^ 
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[ 0 0 9 2] *56Wi^*5{tSiSfej*3SJt{cov^faw-*- 
S 0 mtt K7>Tfti#i: WJn5tti*fifS"?*)SA^ * 

[0093] af5feoBEttia*i5is^«a-t-s t©^p 

O, CO x , NO x , SO x ^M^SfLSIJ: 9Gfc*-t- 

So 

[0 0 9 4] ifc, C£*©itt««*ft»ic::fflS + £ h<D 
&7*±xtfxi^m& i>L< ttiyg^^irX^X-eX 

[0095] asr^xeinf+ia[Lfiiiftxai^, 
ki» * t * * »aa tea ^ «> s . m a >* & t> * 7 * m 

[0 0 9 6] *:3SB{cJ;SXu— h^icin^Ttt, W 
«»«J:V««*©|»*tt-5r«B-v?fc5 0 » M {£ 3fc 36 B <fc 
0 fc f>m #> X iK v > tf> J* ft t ft Alto * tr 

>f ^ / 1- CO * i - PJ L - "C \ 1 X 5 X ^ X a ir ^ fcf i } *f : *& i~ 
S co tttt t v \ cotb fpffi * £ ft* *«ffiBflEi£K 

J c co 3= 4 ^ -f s 4 if) s * f fig j> 5 f c ft , * W S SB i - 
ffl^iitPw tie J; 9^£4ifc»Xg«:3S9l-?*5. ^ 
J: 9 ft*** fcft«, Kffi5l#^*BBtt • SBmtt& 
#OB$iaiS:*:SiCffijB-r*S x 7 >;/ hX!> > h©Sg/J^X 



( 10 ) £SfJ 2001-93871 

18 

[0 0 9 7] ftsfc K^>f ^i:/7X-7^i^fcS&, 

x^^^ie-tt{c:**^a«MkJK«»««ft^raB&' 

JE*ftT-?# bix 5 7 0 7 X-v-co ^7 X^ yv/^^S 

fm « » t e ir* u ^</m c *> o , r n e> o it Pp 1 ] h ^ ? a & $ 

[0 0 9 8] ftjb\ *%P^Ji, *©«#*fctt±»ft» 

[0 0 9 9] *3SBSrfflv^5^ fc^«*.fi*#ft:o»jW 

t*$. *fc*pa{c*?fc5*px^^r*ft r. t^b*M6«j 

20 l^KttSrifti±-r5 r > So 

[hi] . -7^±^^m&m<D^u- higfT*ifiiw 
[ei 2 ] 7 o xm**Er$i5B(D7 o i>~ vmn-jjfam 

B:ifrffilI]"C'&3o 
[H 3 ] EE*WJ»^SCO«ftS«BWrB[ia"r**> 

So 

[HI 4 ] -^^ ^ Ptt«*SSRO»«H"v?*>S«, 

[H 5 ] »««j|&Sr«Rffl Lfc3SB«>WrffiBI"C**> 

30 So 

So 

[B7] ?7*?v >yLtcmm<DWffimx~& 

So 

[(18] ?7*¥ V ^LfcttB^^MSEI-Cfc 

^) o 

[09] *»l»*«««:*ALfciB)tt«a«BWr 
raEl"?fcS 0 

[110] HHIS]«F*0X^-sril64ttBWrffiH"^& 

40 So 

[^^-001^0^] 

10 0 >v<|f 

i o i t^x^k^ib 

1 0 2 7>- h (^^— ^) 

1 o 3 ^^x-^atasB 
i o 4 m&mm 

2 0 0 ^ y v^-IMfi 

3 0 0 #*ajfA& (T8fcfti]'>— 
3 0 1 ^#AK (±««->— /l^^«4&) 

50 4 0 0 HlJ^n y Yr 



( 11 ) 



19 

4 0 1 ^ C7 y h 

4 0 2 *S>— ffctttt 

40 3 7 7X"7|gS 

4 0 4 *S— {kS6K«« 

4 0 5 "pifrift 

5 0 0 

5 0 1 (ft&X dHMHf*) 

6 0 0 /7X-7ftHffi 

6 0 1 7'7XvgAIiSt# 

6 0 2 ^SK«IP. 

6 0 3 7V- Y^M 

6 0 4 tfJXiifr*"!*! 

6 0 5 ^7X-?gAWt 

6 0 6 ffiffijf^rfit 

6 0 7 
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7 0 0 

7 0 1 

7 0 2 

7 0 3 

7 0 4 

7 0 5 



7 0 6 



7 0 7 

7 0 8 

7 0 9 

9 0 0 

9 0 1 

9 0 2 

9 0 3 

10 0 0 



>'< 1 

mm 2 
mm 3 



#UJP 
ii«»D»«l5 




[0 3] 



[El 4] 
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